It is known that an excess amount of (oxygen) radicals in the skin can lead to (local cellular) oxidative stress. From one side, oxidative stress can contribute to the existence of various (inflammatory) skin diseases such as acne vulgaris and alopecia, as well as to accelerated photo-ageing of the skin. From the other side, oxidative stress could also be a wanted process for curing particular skin diseases, such as skin cancer and microbial skin infections. Therefore, novel treatment agents with the ability to scavenge or generate radicals can potentially be meaningful in the treatment of various skin diseases, especially for those diseases that have limited effective treatment options. This viewpoint essay will discuss the potential of fullerene C 60 , i.e. buckminsterfullerene, derivatives as novel treatment agents in dermatology. Fullerene C 60 is an all carbon molecule with a unique dual ability; fullerene C 60 can act as a radical scavenger or as an oxygen radical generator. Hence, fullerene C 60 derivatives offers most interesting prospects as a therapeutic protective or therapeutic toxic agent. Because of their extraordinary physicochemical properties and numerous chemical functionalization possibilities, chemists can design derivatives with a wide scope of unique properties. The experimental data, mostly from in vitro and in vivo animal studies, on the safety and therapeutic potential of fullerene C 60 derivatives, in the field of dermatology will be discussed.
1,2 They exclusively exist out of n threecoordinate carbon atoms that are arranged in exactly 12 pentagons and (n/2-10) hexagons, where n≥20, forming hollow spheres, tubes and other shapes. 2 In 1990, the synthesis of macroscopic (milligrams) amounts of fullerenes through resistive heating of graphite began to develop. 3 Because it appeared that fullerenes possessed many unique and attractive physiochemical properties, such as lightweight, high tensile strength, thermal/chemical stability and conductivity, the possibilities of these carbon molecules have been extensively explored in many fields of science. The discovery of fullerenes was considered of great importance and has strongly influenced the field of chemistry.
In 1996, the discoverers of fullerenes were awarded the Nobel Prize in Chemistry.
The most known and most abundant type of fullerene is fullerene C 60 (C 60 ). C 60 consists of 60 carbon atoms forming a highly symmetrical truncated icosahedron, which in structure looks like the pattern of a soccerball and the geodetic dome designed by the architect R. Buckminster Fuller in 1967, hence its nicknames "buckminsterfullerene" and "buckyball" (Fig. 1 ). However, pristine C 60 is biologically inert, because it is extremely hydrophobic, forms aggregates upon contact with water and is nearly insoluble in polar solvents, which limits its use in biomedicine.
s4-s7
Several methods to overcome this problem are incorporation of C 60 in water-soluble compounds and addition of hydrophilic functional groups to the C 60 -cage. Briefly, in biomedicine, C 60 is potentially useful in anticancer, antibacterial, antifungal and antiviral therapy, for enzyme inhibition, cytoand neuroprotective purposes, targeted controlled drug delivery and diagnostic purposes (e.g. contrast-or radioactivity-based imaging).
s19-s21
In this essay, we focus on the current knowledge of C 60 and its derivatives as potentially novel treatment agents in dermatology.
Currently, functionalized C 60 agents are already available for approximately a decade in cosmetics; however, the introduction in clinical dermatology has not occurred yet.
| SAFETY ASPECTS OF DERMAL EXPOSURE TO FULLERENE C 60
Major factors which influence the behaviour and potential toxicity of C 60 and its derivatives are size, shape, charge, methods of production, chemical compositions, surface functionalization, tendency to aggregate, dose and exposure time. 
| C 60 seems to locate near ROS-producing mitochondria
Cellular uptake studies of C 60 (derivatives) demonstrate that C 60
could pass the external cell membrane of human keratinocytes and fibroblasts, possibly through an endocytic cellular pathway.
s22-s25 One study found no effect of fullerenes on fibroblast proliferation.
s22
However, another did find a 50%-60% decrease in keratinocyte proliferation at the higher tested concentrations after 8 days.
s28
In vitro safety studies with fibroblast cells showed no acute toxicity of a tested C 60 containing nano-emulsion. s29 The overall in vitro results demonstrated that pristine C 60 , more so than functionalized C 60 , in a dose-dependent manner, has a potential cytotoxic effect, mainly because of ROS generation with its subsequent intra-cellular oxidative stress.
s28,s30-s33
| No adverse skin reactions observed upon topical administration
In vivo studies (animal and human) suggest that single and repeated topical fullerene administration does not result in adverse skin reactions. s34,s35 Furthermore, in vivo animal and human (with a history of various irritation and allergy susceptibilities) dermal patch tests showed no evidence for skin irritation (e.g. erythema and oedema)
within the tested time. s34-s36 Several research groups found no signs of irritation or a skin sensitizing effect of C 60 determined in vivo (animal and human). s29,s35,s37 Moreover, skin corrosion due to fullerenes
was not found in current literature.
| CYTOPROTECTIVE THERAPEUTIC POTENTIAL OF FULLERENE C 60
Of fundamental interest is the role of free radicals in skin inflammation.
In physiological systems, ROS are metabolic by-products, primarily generated in mitochondria, and are involved in both cellular signalling and cell damaging. 
| Ability to protect against detrimental effects of UVA and UVB irradiation?
Ultraviolet A (UVA), and to a lesser extent ultraviolet B (UVB) radiation, accelerates the skin's ageing process through a ROS-induced oxidative pathway, which can result in degenerative changes, for example wrinkles, pigmented spotsand both in melanoma and non- 
| Beneficial in after laser treatment care?
ROS generation, as a result of skin laser irradiation treatment, is crucial for the therapeutic effect, but could also lead to unwanted post-treatment side effects, such as erythema and pigmentation.
ROS-scavenging fullerenes could ease the irritated skin after laser treatments and might prevent pigmentation. 
| New therapeutic options for various hair loss conditions?
Oxidative stress might play a role in the pathogenesis of hair loss conditions. s62 One study investigated the potential effect of several C 60 in hair loss conditions in shaved mice and genetically hairless mice and also in human skin sections maintained in culture. An increased rate of hair growth and number of hair strands was observed. 
| Helpful in successful wound healing?
Also for accelerated and successful wound healing, for example after injury and surgery, C 60 derivatives might be beneficial.
s64
It is known that normal wound healing can be hindered by many processes, including oxidative stress that inhibits cell migration and proliferation. 
| CYTOTOXIC THERAPEUTIC POTENTIAL OF FULLERENE C 60
Contradictory to the radical scavenging effect, C 60 also has the ability to generate ROS. Because C 60 can be photoexcited, where after ROS are generated, they have the ability to induce ROS-mediated cell death (Fig. 2) Currently, topical use of a PS on superficial infected tissues and subsequent illumination seems to be the most prominent application of C 60 -mediated antimicrobial PDT.
| CONCLUSION AND FUTURE PERSPECTIVES
To our knowledge, several C 60 derivatives are used in commercially available skin care products with favourable results, indicating these derivatives are most likely safe and effective. However, they have not been implemented in clinical dermatology yet. Although the number of in vivo investigations is still minimal and sound data about the (long-term) safety of C 60 derivatives is necessary, results of experiments regarding the potential of C 60 in dermatology are positive. Due to extraordinary basic properties and numerous derivatization possibilities, the sky seems the limit for developing novel therapeutic and also diagnostic C 60 agents for various dermatologic purposes in which oxidative stress plays either a pathogenic or therapeutic role (Fig. 3) .
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